Formation of liquid crystals from actin filaments.
Actin is cross-linked by actin-binding proteins in the cytoplasm to form either isotropic or highly oriented anisotropic structures. The inherent orientation among actin filaments could influence whether an isotropic or highly oriented anisotropic structure is formed. A highly oriented state can arise spontaneously through the formation of liquid crystals as predicted by polymer theory. In this study, the ability of filamentous actin to form liquid crystalline domains was detected using the anisotropic component of scattered light and by observation of birefringence. As liquid crystalline domains formed, the intensity of the anisotropic component of scattered light increased, and birefringent macroscopic oriented domains were directly observed. The formation of liquid crystalline domains was dependent on the concentration of actin filaments and on the average filament length controlled by varying the ratio of gelsolin to actin monomers. The concentration of actin filaments required to form liquid crystalline domains increased moderately as the average length was decreased. At a fixed actin concentration, orientation among the filaments attained a maximum value at a ratio of actin to gelsolin in the range from 1500 to 2000 and decreased as the ratio was increased or decreased from this range. The results are not well explained by theoretical treatments for liquid crystal formation by monodisperse, charged worm-like chains. Differences from the theoretical predictions for formation of liquid crystals are most likely due to the polydisperse filament length of actin. This phenomenon may have important effects on the structural and rheological properties of the cytoplasm in living cells.